Antifungal and immunomodulating activities of 1,4-benzothiazine azole derivatives: review.
We reviewed the studies on the in vitro and in vivo antifungal activity of 1,4-benzothiazine azole derivatives (1,4-BT). A number of different 1,4-BT have been tested for anti-Candida activity, investigating their N-4 substitution, sulfur oxidation state, presence of the carbonyl group in C-3, insertion of the side chain on C-6, C-7 or C-8 of benzothiazine nucleus, the nature of azolic substituent (triazole or imidazole), which tend to differ. Moreover, benzoxazine analogues have been tested to evaluate the effect of sulfur bioisosteric substitution on their activity. We found that their antifungal activity correlates with well-defined chemical characteristics including the presence of ether substitution at the side chain. In fact, ether derivatives are the most active compounds in vivo, although they have little anti-Candida effect in vitro. This discrepancy could be attributed to the fact that 1,4-BT are metabolized to active antifungal compounds and may have in vivo activity through improvement of protective immune response and direct antifungal effects. In fact, 1,4-BT also show immunomodulating activity so that the direct antifungal activity, in combination with the capability to stimulate the immune response, could result in a significant increase in in vivo efficacy.